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Abstract 

Background: Whether patients with resectable colorectal liver metastases (CRLM) receive survival benefit from neoadjuvant 
chemotherapy remains controversial. 

Methods:\Ne retrospectively analyzed 466 patients with resectable CRLM between 2000 and 2010. Patient characteristics 
and survival data were recorded. 

Results: The patients were divided into one group with neoadjuvant chemotherapy (group NC, n = 121) and another 
without (group WN, n = 345). There was no difference in 5-year survival (52% vs. 48%) between the two groups. No 
significant differences were identified between the two groups in terms of 30-day mortality (1.7% vs. 1.2%) or morbidity 
(33.9% vs. 25.8%). A primary tumor at stage T4, >4 liver metastases, the largest liver metastasis >5 cm in diameter, and a 
serum CEA level >5 ng/ml were independent prognostic factors. By assigning one point to each, the patients were divided 
into a low-risk group (0-2) and a high-risk (3-4). The patients in the low-risk group received no survival benefit from 
neoadjuvant chemotherapy, whereas those in the high-risk group received survival benefit (5-year survival, 39% vs. 33%, 
P = 0.028). 

Conclusions: Preoperative neoadjuvant chemotherapy did not increase mortality or complications. Not all resectable 
patients, only those with >2 independent risk factors, received survival benefit from neoadjuvant chemotherapy. 
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Introduction 

Surgical resection of liver metastases offers the only chance for 
curing patients with colorectal liver metastases (CRLM), although 
the proportion of surgery is only 10-15% [1]. Recently, 
multidisciplinary discussions and advancements in chemotherapy, 
targeted therapy, surgery, and locoregional treatment have 
increased resectability and profoundly improved survival [2]. 
Approximately two-thirds of patients will suffer recurrence after 
liver surgery, so there has been increasing interest in the use of 
perioperative systemic chemotherapy [3]. However, whether 
preoperative neoadjuvant chemotherapy is appropriate for resect- 
able CRLM remains controversial. Therefore, we retrospectively 
assessed the combination of preoperative neoadjuvant chemother- 
apy, surgery and postoperative adjuvant chemotherapy, relative to 
the combination of surgery and postoperative adjuvant chemo- 
therapy in the patients with resectable CRLM who were admitted 
to Zhongshan Hospital between 2000 and 2010. 



Patients and Methods 

Between January 2000 and December 2010, 466 initially 
resectable patients treated with curative surgery for CRLM were 
identified at Zhongshan Hospital. Based on their exposure to 
neoadjuvant chemotherapy, those patients were divided into a 
group with neoadjuvant chemotherapy (group NC, n= 121) and a 
group without neoadjuvant chemotherapy (group WN, n = 345). 
Patient and tumor characteristics as well as surgical procedure and 
survival data were extracted from the CRLM Database of 
Zhongshan Hospital. All patients of the CRLM Database provided 
written informed consent. This retrospective study was approved 
by the Institutional Review Board of Fudan University School of 
Medicine. 

Standard demographic and clinicopathologic data were col- 
lected from each resectable patient. Details regarding mortality 
and complications were obtained from the CRLM Database and, 
when necessary, from patient records. The date of the last follow- 
up visit and vital signs were also collected from the CRLM 
Database. The median follow-up time was 34.5 months. 
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Categorical data were compared using the chi-square test, and 
continuous data with the independent-samples t-test. Survival rates 
were calculated using the life-table method, and compared with 
Kaplan-Meier survival curves and log-rank tests. Factors that were 
associated with survival in the univariate analyses (with an 
inclusion criterion of P<0.05) were entered into a multivariate 
analysis to test for significant effects. The specific contribution of 
prognostic variables was examined by means of a multivariate 
Cox's proportional hazards model. P<0.05 was considered 
significant. All statistical calculations were performed using SPSS 
software, version 16.0 (SPSS Inc., Chicago, IL, USA). 

Results 

Clinicopathologic Characteristics 

Of 466 initially resectable CRLM patients, 121 received 
preoperative neoadjuvant chemotherapy, and 345 did not. Those 
resectable patients received preoperative chemotherapy or not 
based on the multi-disciplinary team (MDT) discussion. The 
clinical and pathologic characteristics of the two groups are 
outlined in Table 1. There were no significant difference in 
gender, age, interval from primary to liver metastases, location, 
differentiation, T stage, N stage of primary cancer, preoperative 
CEA level, number of involved liver lobes, number, size of liver 
metastases or concomitant with extrahepatic metastases between 
two groups. In addition, 121 resectable patients got 1-6 cycles 
(median, 4) of neoadjuvant chemotherapy, and the chemotherapy 
regimen included FOLFOX (n = 76), XELOX (n = 1 7), FOLFIRI 
(n = 21) and others (n=7). There was no patient who became 
unresectable due to progression during neoadjuvant chemother- 
apy. There were 115 patients (115/121) who had adjuvant 
chemotherapy in group NC, and 332 (332/345) in the group WN. 
And the two groups were comparable in postoperative chemo- 
therapy. 

Incidence of Mortality and Morbidity 

The postoperative 30-day mortality was 1.7% (2/121) in the 
NC group, and 1.2% (4/345) in the WN group, with no significant 
difference between the groups. The incidence of morbidity in the 
NC group was 33.9% (41/121): 20.7% (25/121) had hepatic 
complications, and 13.2% (16/121) had systemic complications. In 
the WN group, the prevalence of morbidity was 25.8% (89/345): 
13.6% (47/345) had hepatic complications, and 12.2% (42/345) 
had systemic complications. There was no significant difference in 
morbidity between the two groups, although a trend toward higher 
morbidity was observed in the NC group (Table 2). 

Overall Survival 

The 466 patients had a median survival of 56.1 months, and the 
5-year survival rate was 49% (Fig. 1A). Among the 121 patients in 
the NC group, the median overall survival was 60.0 months, and 
the 1-, 3-, and 5-year overall survival rates were 97%, 69%, and 
52%, respectively. In comparison, the patients in the WN group 
had a similar median overall survival (53.4 months; P>0.05) and 
5-year overall survival rate (48%; P>0.05) (Fig. IB). 

Univariate and Multivariate Analyses 

In the univariate analyses, several clinicopathologic factors were 
found to be associated with survival (Table 3). Female sex, a 
primary tumor at stage T4, an N-positive primary tumor, a 4 liver 
metastases, the largest liver metastasis &5 cm in diameter, and a 
serum CEA level S5 ng/ml were associated with increased risk of 
death. In the multivariate analysis, the 6 factors listed above were 
analyzed using a multivariate Cox proportional hazard regression 



model. A primary tumor at stage T4, &4 liver metastases, the 
largest liver metastasis S5 cm in diameter, and a serum CEA level 
a 5 ng/ml were found to be independent predictors of poor 
survival (Table 3). 

By assigning one point to each of the above 4 independent risk 
factors, all of the resectable patients were divided into a low-risk 
group (0-2) and a high-risk group (3-4). There were 268 patients 
in the low-risk group and 198 in the high-risk group. In the low- 
risk group, patients who had received neoadjuvant chemotherapy 
and those who had not received neoadjuvant chemotherapy had 
similar survival (median survival, 60.0 m vs. 60.0 m; 5-year 
survival, 64% vs. 57%; P>0.05) (Fig. 1C). In the high-risk group, 
the patients who had not received neoadjuvant chemotherapy had 
a median survival of 28.4 m and a 5-year survival rate of 33%, 
whereas those who had received neoadjuvant chemotherapy had a 
better overall median survival (38.9 m) and a more favorable 5- 
year overall survival rate (39%; P = 0.028) (Fig. ID). 

Discussion 

Over half of colorectal cancer patients ultimately develop liver 
metastases, and surgical resection presently offers the best 
opportunity for a cure and a positive outcome [4]. In the past 
decade, the proportion of CRLM patients viewed as amenable to 
resection has increased as surgeons have become more aggressive 
and systemic therapy has become more effective [5]. These 
patients can receive survival benefit from liver surgery, with an 
overall 5-year survival of 40—55% [6-8]. Consistent with the 
literature, the resectable patients had a 5-year survival rate of 49% 
after liver surgery in the current study. 

In patients with resectable CRLM, both postoperative adjuvant 
and perioperative chemotherapy appear to be beneficial over 
surgery alone [9,10]. The EORTC Intergroup trial 40983 by 
Nordlinger and colleagues demonstrated that perioperative 
chemotherapy with FOLFOX4 is compatible with major liver 
surgery, and reduces the risk of relapse by a quarter, with more 
reversible postoperative complications compared to surgery alone 
[11]. However, a subsequent analysis suggested that this did not 
translate into an improved overall survival benefit, but it must be 
noted that this study was never powered to test for such an 
improvement in overall survival, which remains a secondary end 
point of the study [12]. Aiming to identify baseline factors that 
may predict a survival benefit, a further exploratory retrospective 
analysis showes that perioperative FOLFOX seems to particularly 
benefit patients with resectable CRLM when CEA is elevated and 
performance status is unaffected, regardless of the number of 
metastatic lesions [13]. However, whether those patients receive a 
survival benefit from preoperative neoadjuvant chemotherapy 
remains unknown. 

Neoadjuvant chemotherapy prior to hepatectomy in patients 
with resectable CRLM may increase the resectability of liver 
lesions, treat occult metastasis, improve progression-free survival, 
allow for testing of the chemosensitivity of the cancer in situ, help 
to determine the appropriateness of further treatments, and 
identify progressive disease that contraindicates immediate surgery 
[14]. An Italian study of 25 patients with primarily resectable 
CRLM treated with neoadjuvant chemotherapy found that 18 
(72%) responded to chemotherapy, and the 5-year overall survival 
was 71%, which indicates that the response to chemotherapy is 
likely to be a significant prognostic factor affecting overall survival 
after radical hepatic resection [15]. A prospective study of 50 
patients with resectable CRLM who received neoadjuvant 
chemotherapy for 6 cycles found that the median recurrence-free 
survival was significantly influenced by tumor response (24.7 m for 
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Table 1. Clinicopathologic characteristics of patients with resectabl 



le CRLM. 







NC Group n = 121 


WN Group n = 345 


P 


Male: female 


81:40 


213:132 


>0.05 


Median age (years) 


58.0 (35-72) 


59.0 (28-84) 


>0.05 


Interval from primary to liver metastases 






>0.05 


<6 months 


61 (50.4%) 


202(58.6%) 




>6 months 


60(49.6%) 


143(41.4%) 




Primary tumor 






>0.05 


Rectum 


40(33.1%) 


1 34(38.8%) 




Colon 


81(66.9%) 


211(61.2%) 




Differentiation 






>0.05 


l-ll 


62(51.2%) 


178(51.6%) 




III— IV 


59(48.8%) 


167(48.4%) 




T stage 






>0.05 


T1-3 


45(37.2%) 


141(40.9%) 




T4 


76(62.8%) 


204(59.1%) 




N stage 






>0.05 


NO 


39(32.2%) 


118(34.2%) 




N1-2 


82(67.8%) 


227(65.8%) 




CEA (ng/ml) median (range) 


20.8 (4.9-779.6) 


14.5 (0.1-1000.0) 


>0.05 


Number of involved liver lobes 






>0.05 


Unilobar 


91 (75.2%) 


284(82.3%) 




Bilobar 


30(24.8%) 


61(17.7%) 




Number of liver metastases 






>0.05 


1-3 


72(59.5%) 


235(68.1%) 




>4 


49(40.5%) 


110(31.9%) 




Diameter of largest liver metastasis (cm) median (range) 


6.0 (2.5-20.0) 


3.5 (1.0-18.0) 


>0.05 


Number of largest liver metastasis ^5 cm 


57(47.1%) 


146(42.3%) 


>0.05 


Concomitant with extrahepatic metastases 


19(15.7%) 


36(10.4%) 


>0.05 



doi:1 0.1 371 /journal.pone.0086543.t001 



Table 2. Mortality and morbidity of resectable patients. 







NC Group 
n = 121 


WN Group 
n = 345 


P 


Mortality 


2 (1.7%) 


4 (1.2%) 


>0.05 


Total morbidity 


41 (33.9%) 


89 (25.8%) 


>0.05 


Hepatic complications 


25 (20.7%) 


47 (13.6%) 




Hemorrhage/hematoma 


2 


2 




Bile leakage 


4 


8 




Transient hepatic insufficiency 


3 


4 




Ascites 


11 


22 




Subphrenic fluid 


3 


7 




Other 


2 


4 




Systemic complications 


16 (13.2%) 


42 (12.2%) 




Pleural effusion 


6 


21 




Pneumonia/atelectasis 


4 


8 




Urinary tract infection 


1 


4 




Other 


5 


9 





doi:1 0.1 371 /journal.pone.0086543.t002 



responding patients, 8.2 m for those with stable disease, and 3.0 m 
for those with progressive disease), which suggests that neoadju- 
vant chemotherapy may identify the best candidates for a 
potentially curative treatment approach [16]. Another Austrian 
study of 56 patients with potentially curable CRLM who received 
biweekly bevacizumab combined with chemotherapy for 6 cycles 
preoperatively demonstrated that objective response was increased 
by up to 73%, and 52 patients underwent liver resection without 
an increased rate of surgical or wound healing complications or 
severity of bleeding [17]. 

A recent systematic review of 23 studies comprising 3,278 
patients identified an objective radiological response in 64% of 
patients after neoadjuvant chemotherapy, and a median of 9% 
and 36% had complete or partial pathological responses, 
respectively, whereas 4 1 % had stable or progressive disease while 
receiving neoadjuvant chemotherapy; these results suggest that an 
objective response to neoadjuvant chemotherapy and improved 
disease-free survival (DFS) may be achieved in patients with 
resectable CRLM [18]. Therefore, based on a review of the best 
available evidence, an international panel of 21 experts in 
colorectal oncology comprised of liver surgeons and medical 
oncologists recommends that the majority of patients with CRLM 
should be treated up front with chemotherapy, irrespective of the 
initial resectability status of their metastases [19]. 
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E 
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No. at risk 466 



E 
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No. at risk 
-neochemo 205 
+neochemo 63 



1 Total resectable CRLM: n=466 



— I — 

25.0 



225 



50.0 75.0 100.0 

Survival Time (months) 



79 



24 




— nwithout Neoadjuvant Chemo: n=205 
With Neoadjuvant Chemo: n=63 



P>0.05 



25.0 50.0 75.0 100.0 

Survival Time (months) 



120 
45 



46 

21 



16 
7 



O 0.4- 




1 

0.0 



No. at risk 

-neo chemo 345 

+neo chemo 121 

D 

1 .0- 



O 0.4- 



Without Neoadjuvant Chemo: n=345 
With Neoadjuvant Chemo: n=1 21 



P>0.05 



50.0 75.0 100.0 

Survival Time (months) 



152 
73 



52 
27 



17 
7 



P=0.028 




'Without Neoadjuvant Chemo: n=1 40 
Wrth Neoadjuvant Chemo: n=58 



25.0 50.0 75.0 100.0 

Survival Time (months) 



No. at risk 

-neo chemo 140 

+neo chemo 58 



32 
28 



Figure 1. Survival of patients with resectable CRLM after liver resection. Fig. 1A Kaplan-Meier curves illustrating survival of all patients with 
resectable CRLM after liver resection. A total of 466 resectable patients had a median survival of 56.1 months and a 5-year survival rate of 49%. Fig. IB 
Kaplan-Meier curves illustrating survival of resectable patients with or without neoadjuvant chemotherapy. 121 patients with neoadjuvant 
chemotherapy had a median survival of 60.0 months and a 5-year survival rate of 52%, whereas those without neoadjuvant chemotherapy had a 
similar median survival of 53.4 months and a 5-year survival rate of 48%. Fig. 1 C Kaplan-Meier curves illustrating survival of low-risk patients with or 
without neoadjuvant chemotherapy. In the low-risk group, the patients with and without neoadjuvant chemotherapy had similar survival (median 
survival, 60.0 m vs. 60.0 m; 5-year survival, 64% vs. 57%; P>0.05). Fig. 1 D Kaplan-Meier curves illustrating survival of high-risk patients with or without 
neoadjuvant chemotherapy. In the high-risk group, patients who had received neoadjuvant chemotherapy had a better overall median survival 
(38.9 m vs. 28.4 m) and a more favorable 5-year overall survival (39% vs. 33%; P = 0.028) than those had not received neoadjuvant chemotherapy, 
doi: 10.1 371 /journal. pone.0086543.g001 



However, some studies do not support preoperative neoadju- 
vant chemotherapy in patients with resectable CRLM. A 
multicentric cohort study of 1471 patients resected for solitary, 
metachronous, primarily resectable CRLM without extrahepatic 



disease in the LiverMetSurvey International Registry conducted 
by Adam et al. demonstrated that the rate of postoperative 
complications was significantly higher in patients with neoadjuvant 
chemotherapy, and preoperative chemotherapy did not impact the 



PLOS ONE | www.plosone.org 



4 



January 2014 | Volume 9 | Issue 1 | e86543 



Neoadjuvant Chemotherapy in Resectable CRLM 



Table 3. Clinicopathological characteristic associated with overall survival. 





Variable 


n 


Median Survival 
(mo) 


5~yr Survival 
Rate 


Univariate 


Multivariate 


Gender 








0.033 


0.107 


Female 


172 


45.0 


46% 






Male 


294 


60.0 


50% 






Age (years) 








0.302 


/ 


<70 


386 


60.0 


50% 






>70 


80 


35.7 


39% 






Disease-free interval from primary to liver metastases 








0.220 


/ 


<6 months 


263 


47.5 


46% 






>6 months 


203 


60.0 


52% 






Differentiation of primary tumor 








0.061 


/ 


l-ll 


240 


60.0 


50% 






III— IV 


226 


51.3 


47% 






Invasion of primary tumor 








0.012 


0.019 


T1-3 


186 


60.0 


58% 






T4 


280 


42.0 


42% 






Regional lymph nodes of primary tumor 








0.036 


0.610 


NO 


157 


60.0 


57% 






N1-2 


309 


45.3 


43% 






Number of involved liver lobes 








0.555 


/ 


Unilobar 


375 


56.1 


49% 






Bilobar 


91 


55.6 


49% 






Number of liver metastases 








0.012 


0.009 


<4 


307 


60.0 


57% 






>4 


159 


37.5 


35% 






Diameter of largest liver metastasis 








<0.001 


<0.001 


<5 cm 


263 


60.0 


62% 






>5 cm 


203 


33.9 


30% 






Serum CEA at diagnosis of liver metastases 








<0.001 


0.012 


<5 ng/ml 


118 


60.0 


62% 






>5 ng/ml 


348 


44.3 


44% 






Extrahepatic metastases 








0.292 


/ 


No 


411 


60.0 


51% 






Yes 


55 


39.4 


33% 






Preoperative neoadjuvant chemotherapy 








0.088 


/ 


No 


345 


53.4 


48% 






Yes 


121 


60.0 


52% 







doi:1 0.1 371 /joumal.pone.0086543.t003 



overall survival or DFS [20]. Another study of 88 patients with 
neoadjuvant chemotherapy showed that there were no differences 
in the rates of concurrent extra-hepatic metastases observed intra- 
operatively but not on pre-operative imaging, whereas the size of 
intra-operatively observed CRLM was greater than that of CRLM 
identified from pre-operative imaging, and concluded that 
neoadjuvant chemotherapy for initially resectable CRLM does 
not reveal occult disease precluding surgical treatment [21]. 

In addition, numerous reports have reported that chemotherapy 
can be associated with significant changes to the hepatic 
parenchyma, which subsequently increase the risk of morbidity 
and mortality in the perioperative period [22-24]. Data from the 



current study, as well as data from prior studies, demonstrated that 
the incidence of morbidity in the NC group was higher than that 
in the WN group (33.9% vs. 25.8%), although there was no 
significant difference. 

With the widespread use of highly efficient chemotherapy, some 
metastases may no longer be visible on imaging or during surgery, 
but a complete clinical response does not necessarily reflect a 
complete pathologic response. Thus, these patients should 
undergo hepatic surgery because long-term survival is expected. 
However, because they have no detectable lesions, they miss the 
best opportunity for liver surgery [25]. In the present study, none 
of the patients had disappearing liver metastases after neoadjuvant 
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chemotherapy. Furthermore, in our clinic, patients are carefully 
monitored and receive surgery before metastases disappear. 

To summarize, neoadjuvant chemotherapy administered before 
surgery to patients with initially resectable CRLM has the 
potential benefits and disadvantages [26,27]. In the current study, 
our data suggest that not all patients with resectable CRLM will 
receive a survival benefit from preoperative neoadjuvant chemo- 
therapy. After combination of literature review and data analysis, 
we found 4 independent prognostic factors for survival in these 
patients and divided them into a low-risk group and a high-risk 
group. In the high-risk group, the patients received a survival 
benefit from preoperative neoadjuvant chemotherapy. Thus, 
treatment of high-risk patients should start with chemotherapy. 
If the drugs are well chosen and the duration of treatment is 
carefully monitored during multidisciplinary meetings, the benefits 
largely outweigh the potential disadvantages. 

This observation is important, since up to now researchers have 
continued to rely on clinical risk scores to compare outcomes 
following hepatectomy for colorectal liver metastases [28]. These 
clinical risk scores were derived in a different era when virtually no 
patients received effective preoperative chemotherapy and the 
definition of resectability was considered 1-3 unilobar metastases, 
resectable with a > 1 cm margin, and ideally detected metachro- 
nously. We now need validated new scoring systems that reflect 
contemporary practice both in terms of the definition of 
resectability and the use of highly effective chemo and biologic 
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therapy regimens. And our study was a retrospective review with 
some limitations, such as selection bias and missing data. We are 
now validating our scoring system prospectively. However we 
recognize that we are still basing such scoring systems on 
morphologic characteristics that would have been familiar to 
Virchow (size, number, distribution etc.) more than a century ago, 
and we need to start to create scoring systems that reflect tumor 
biology. 

Conclusions 

Preoperative neoadjuvant chemotherapy did not significandy 
increase mortality or complications. A primary tumor at stage T4, 
>4 liver metastases, the largest liver metastasis ^5 cm in 
diameter, and a serum CEA level ^5 ng/ml were independent 
prognostic factors for patients with resectable CRLM. Only 
resectable patients with more than 2 independent risk factors 
received a survival benefit from preoperative neoadjuvant 
chemotherapy. 
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